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(57) ABSTRACT

In a crystalline silicon formation apparatus, a quick cooling
method is applied to the bottom of a crucible to control a
growth orientation of a polycrystalline silicon grain, such that
the crystal grain forms twin boundary, and the twin boundary
is a symmetric grain boundary, and the crystal grain is solidi-
fied and grown upward in unidirection to form a complete
polycrystalline silicon, such that defects or impurities will not
form in the polycrystalline silicon easily.

11 Claims, 8 Drawing Sheets
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CRYSTALLINE SILICON FORMATION
APPARATUS

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a polycrystalline silicon
formation apparatus, and more particularly to a polycrystal-
line silicon formation apparatus capable of reducing or elimi-
nating defects and impurities.

(b) Description of the Related Art

Solar cell is a kind of semiconductor, and is also known as
solar chip, and silicon is a material generally used for manu-
facturing solar cells, whose power generation principle is to
convert solar energy into electric energy. Solar PV cells are
made of various different materials including monocrystal-
line silicon, polycrystalline (or multicrystalline) silicon,
amorphous silicon and other non-silicon materials, wherein
monocrystalline silicon and polycrystalline silicon are com-
monly used, and the monocrystalline silicon is composed of
atoms arranged according to a specific rule, and each crystal
grain in the region of the polycrystalline silicon has its own
arrangement, and the structure of a grain boundary between
crystal grains is relatively incomplete and accumulated with
impurities easily, and thus resulting in a higher detective rate,
and affecting the efficiency of converting solar energy into
electric energy by the solar cell. The monocrystalline silicon
solar cell provides higher conversion efficiency, but it incurs
higher manufacturing costs. Although products available in
the market at an early stage are still based on the monocrys-
talline silicon, polycrystalline silicon tends to take over the
position of monocrystalline silicon in recent years, since the
monocrystalline silicon has a higher cost, and the develop-
ment of polycrystalline silicon advances to improve the con-
version efficiency of polycrystalline silicon and lower the cost
of polycrystalline silicon.

With reference to FIG. 7 for a conventional way of forming
crystalline silicon, a crystal growing silicon material 14 is
placed into a crucible 11 to form a crystal grain 21 in the
crucible 11 under the effect of a unidirectional solidification
at a heater 12 installed on both sides of the crucible 11 and an
external crucible 13 disposed on the external periphery of the
crucible 11, and the crystal grain 21 is solidified in unidirec-
tion and grown upwardly to form a complete polycrystalline
silicon 2 as shown in FIG. 3, and finally the polycrystalline
silicon 2 is diced, ground, polished and sliced into a wafer
substrate of a specific size and provided for manufacturing the
solar chips.

Each crystal grain of the polycrystalline silicon is isolated
by a “grain boundary”, and most grain boundaries of the
polycrystalline silicon formed by the aforementioned con-
ventional method are electro-active grain boundaries, and
excited electron holes passing through a region of the electro-
active grain boundary are captured and cannot be transferred
through an electrode or used, and the region of the electro-
active grain boundary becomes invalid. If the excited electron
holes pass through a region of an electrically inactive grain
boundary, the electron holes will not be recombined. Thus, it
is very important to control the electro-passive grain bound-
ary or reduce the electro-active grain boundary in the poly-
crystalline silicon manufacturing technology. The twin
boundary is an electrically inactive grain boundary. The more
the twin boundaries, the better the quality of the polycrystal-
line silicon.

SUMMARY OF THE INVENTION

Therefore, itis a primary objective of the present invention
to overcome the aforementioned shortcoming and deficiency
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of the prior art by providing a polycrystalline silicon forma-
tion apparatus capable of reducing or eliminating defects and
impurities.

To achieve the foregoing objective, the present invention
provides a polycrystalline silicon formation apparatus, and
the invention applies a quick cooling method at the bottom of
a crucible to control the growth of polycrystalline silicon
grains, such that the crystal grains form a twin boundary to
reduce electrically active grain boundaries, and the twin
boundary is a structure having atoms arranged symmetrically
at both ends of the grain boundary, and the crystal grain is
solidified in unidirection and grown upward to form a com-
plete polycrystalline silicon, such that reduce defects or
impurities in the polycrystalline silicon.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a structure of a grain
crystal having a twin boundary in accordance with the present
invention;

FIG. 2 is a schematic view of a solid/liquid interface and a
grain growth orientation of a structure of the present inven-
tion;

FIG. 3 is a perspective view of a polycrystalline silicon
formed in accordance with the present invention;

FIG. 4 is a schematic view of a device structure in accor-
dance with a first preferred embodiment of the present inven-
tion;

FIG. 5 is a schematic view of a device structure in accor-
dance with a second preferred embodiment of the present
invention;

FIG. 6 is a schematic view of a device structure in accor-
dance with a third preferred embodiment of the present inven-
tion; and

FIG. 7 is a schematic view of a structure formed by a
conventional silicon crystal formation technology.

FIG. 8 is a growth curve comparing conventional silicon
crystal formation technology and an embodiment of the
present invention.

FIG. 9 is a growth curve in accordance with another
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The technical characteristics of the present invention will
become apparent with the detailed description of the pre-
ferred embodiments and the illustration of the related draw-
ings as follows.

The present invention discloses a crystalline silicon forma-
tion apparatus, wherein a quick cooling method is applied to
the bottom of a crucible (such as a position near to the center
of'the bottom of the crucible) to control the growth orientation
of polycrystalline silicon, such as the orientation {112} or
{110}, and a crystal grain 21 forms a twin boundary 24 as
shown in FIG. 1, and a temperature preserving method is
applied to the external periphery of the body of the crucible,
such that the heat dissipation flux at a position near to the
center of the bottom of the crucible is higher than that of the
lateral sides of the crucible, and melt silicon 32 contained in
the crucible 31 is solidified to form a solid/liquid interface B1
slightly protruded upwardly from the center of the melt sili-
con 32 as shown in FIG. 2, an upper part of the solid/liquid
interface B1 is in a liquid phase, and a lower part of the
solid/liquid interface B1 is in a solid phase, such that the
growth orientation B2 of the crystal grain is expanded to the
outside to form a larger crystal grain; wherein the twin bound-
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ary 24 of the crystal grain 21 is a grain boundary having a
symmetric structure, and the crystal grain is solidified in a
unidirection and grown upward to form a complete polycrys-
talline silicon, so that defects or impurities will not form in the
polycrystalline silicon easily. With the feature of a large crys-
tal grain, each crystal grain is solidified in a unidirection and
grown upward to form a complete polycrystalline silicon as
shown in FIG. 3, wherein the polycrystalline silicon has the
advantages of less crystal grains 21 and grain boundaries 22
in cross-sectional area, such that recombination effect in sili-
con wafers caused by dangling bonds derived from the grain
boundary can be reduced or eliminated. Particularly, the con-
version efficiency of silicon wafers will be enhanced after the
grain boundaries (which are impurities inside the wafer) are
reduced.

In FIG. 4, the whole formation apparatus comprises a cru-
cible 31 for containing a silicon material 32, an external
crucible 33 (made of graphite) for maintaining the shape of
the crucible 31 at a high temperature, and a heater installed
around the periphery of the crucible 31 (or on lateral sides of
the crucible 31 in this preferred embodiment), and including
an induction coil 341 and a thermocouple 342 for heating the
crucible 31 by induction heating, and the heater can also
provide heat by resistance, wherein the external crucible 33
includes a quick cooling device 35 installed outside the exter-
nal crucible 33 as shown in the FIG. 4, and the quick cooling
device 35 is installed at a position of the external crucible 33
atthe bottom of the crucible 31. Of course, a plurality of quick
cooling devices can be installed at the bottom of the external
crucible to provide a plurality of cooling points.

The quick cooling device 35 can be made of a heat dissi-
pating material, and the heat dissipating material includes a
contact portion 351 and a heat dissipating portion 352
extended from the contact portion 351, and the contact por-
tion 351 is in contact with the external crucible 33, and the
heat dissipating portion 352 has a larger heat dissipation area,
and the quick cooling device 35 can be integrally formed with
the external crucible 33, and the quick cooling device 35 is
extended downwardly from the external crucible 33, and the
quick cooling device 35 can be made of graphite.

The whole crystalline silicon formation apparatus is oper-
ated under the effect of the quick cooling device 35, so that
crystal grains 21 having high percentage of twin boundary are
formed at the bottom of the crucible 31, and the quick cooling
device 35 keeps the bottom of the liquid material contained in
the crucible 31 with a heat flux approximately equal to 50~60
W or a temperature gradient approximately equal to
5150~5250 k/m, such that the crystal grains 21 are formed in
a specific growth orientation such as the grain orientation
{112} or {110}, and the crystal grains 21 with more twin
boundaries are formed. Of course, the formation apparatus
can further comprise a cooling module 37 as shown in FIG. 5,
and the cooling module 37 is coupled and contacted with the
quick cooling device 35 as shown in FIG. 5. In a preferred
embodiment, the cooling module 37 is in contact with a heat
dissipating portion 352 of the quick cooling device 35, so that
the cooling module 37 can dissipate the heat of a heat source
of the quick cooling device 35, and the cooling module 37
further comprises a controller 371, a circulation pipe 372 and
a fluid 373 (which is either a liquid or a gas) contained in the
circulation pipe 372, and the controller 371 is provided for
controlling a flow speed of the fluid 373 in the circulation pipe
372 in order to control the cooling condition of the quick
cooling device 35.

The formation apparatus further comprises a temperature
preserving device 36 (made of carbon fiber, aluminum oxide
or zirconium oxide) as shown in FIG. 6, and the temperature
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preserving device 36 is covered around the periphery of the
bottom of the crucible 31, such that a crystal grain 21 is
formed at the bottom of the crucible 31. Since the temperature
preserving device 36 is installed at the external periphery of a
body of the crucible 31, the efficiency of dissipating the heat
from the heat source of the external crucible 33 is lowered,
and the temperature at the center of the bottom of the crucible
31 is less than both sides of the crucible 31, and thus a
solid/liquid interface B1 is formed and protruded slightly
from the middle as shown in FIG. 2, and a growth orientation
B2 of the crystal grain is perpendicular to the solid/liquid
interface B1, so that the growth orientation B2 of the crystal
grain is expanded outward to form a larger crystal grain.

Since the present invention forms a crystal grain with a
high percentage of twin boundaries at the bottom of the cru-
cible, therefore defects and impurities will not form in the
polycrystalline silicon easily. With the large crystal grain,
each crystal grain is solidified in a unidirection and grown
upward to form a complete polycrystalline silicon having the
advantages of less crystal grains and less grain boundaries in
cross-sectional area, so that a recombination effect of silicon
wafers caused by dangling bonds derived from the grain
boundary can be reduced or eliminated. Particularly, the con-
version efficiency of silicon wafer will be enhanced after the
grain boundaries (which are impurities inside wafer) are
reduced.

The conventional crystalline silicon formation method and
the crystalline silicon method of the present invention are
compared as shown in FIG. 8

In FIG. 8, a crystal growing silicon material is placed into
a crucible, and a heater is installed on both sides of the
crucible, and an external crucible is disposed outside the
crucible. In a heating process, a heat flux at the bottom of the
crucible is equal to 46.867 W, and a temperature gradient at
the bottom of the crucible is equal to 400 klm, and the growth
curve of a growth with unidirectional solidification and an
upward growth which solid/liquid interface tends to be flat.

In FIG. 9, a crystal growing silicon material is placed into
a crucible, and a heater is installed on both sides of the
crucible, and an external crucible is disposed outside the
crucible. A quick cooling method is applied to the bottom of
the crucible (such as a position near to the center of the bottom
of the crucible) to control orientation of the polycrystalline
silicon grains. In a heating process, a heat flux at the bottom
of the crucible is equal to 54.887 W, and a temperature gra-
dient at the bottom of the crucible is equal to 5189.09 k/m,
such that the crystal grains having larger percentage of twin
boundary are formed at the bottom of the crucible, and the
growth curve of a growth with a unidirectional solidification
and an upward growth is protruded slightly upward from the
middle.

In summation of the description above, the present inven-
tion provides a feasible crystalline silicon formation method
and its formation apparatus and complies with the patent
application requirements, and thus the invention is duly filed
for patent application.

While the invention has been described by device of spe-
cific embodiments, numerous modifications and variations
could be made thereto by those generally skilled in the art
without departing from the scope and spirit of the invention
set forth in the claims.

We claim:

1. A crystalline silicon formation apparatus, comprising:
a crucible, for containing a silicon material;

an external crucible, covered onto a body of the crucible;
a heater, installed around the crucible;
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aplurality of quick cooling device, installed at a position of
the external crucible at the center of the bottom of the
crucible to provide a plurality of cooling points, such
that a quick cooling method is applied to the bottom of
the crucible through the plurality of quick cooling device
to control orientation of a polycrystalline silicon grain,
and the crystal grain forms twin boundary; and

a temperature preserving device covered around the

periphery of the bottom of the crucible, such that the
crucible has a higher heat dissipation flux at a position
near to the center of the bottom of the crucible than that
of lateral sides of the crucible, such that a crystal grow-
ing liquid material contained in the crucible is solidified
to form solid/liquid interface protruded slightly upward
from the middle.

2. The crystalline silicon formation apparatus of claim 1,
wherein the orientation of the polycrystalline silicon grain is
{112} or {110}.

3. The crystalline silicon formation apparatus of claim 1,
wherein the crucible has a heat flow of 50760 W at the bottom
of the crucible.

4. The crystalline silicon formation apparatus of claim 1,
wherein the crucible has a temperature gradient of 515075250
k/m at the bottom of the crucible.

5. The crystalline silicon formation apparatus of claim 1,
wherein the quick cooling device is made of a heat dissipating
material, and the heat dissipating material includes a contact
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portion and a heat dissipating portion extended from the
contact portion, and the contact portion is in contact with the
external crucible, and the heat dissipating portion has a
greater heat dissipating area.

6. The crystalline silicon formation apparatus of claim 5,
wherein the quick cooling device is integrally formed with the
external crucible, and extended downwardly from the exter-
nal crucible.

7. The crystalline silicon formation apparatus of claim 1,
wherein the external crucible is made of graphite.

8. The crystalline silicon formation apparatus of claim 1,
further comprising a cooling module coupled and contacted
with the cooling module for dissipating a heat source of the
quick cooling device.

9. The crystalline silicon formation apparatus of claim 8,
wherein the cooling module includes a controller, a circula-
tion pipe and a fluid contained in the circulation pipe, and the
controller is provided for controlling a flow speed of the fluid
in the circulation pipe.

10. The crystalline silicon formation apparatus of claim 1,
wherein the temperature preserving device is made of a mate-
rial selected from the collection of carbon fiber, aluminum
oxide and zirconium oxide.

11. The crystalline silicon formation apparatus of claim 1,
wherein the heater includes an induction coil and a thermo-
couple.



